Traumatic brain injury (TBI) is a worldwide health problem with oxidative stress recognized as a major pathogenetic factor, and leading cause of disability and death in young adults. The present experimental work was designed to study the role of oxidative stress in TBI. Mice were randomly classified into two groups (Sham group and TBI group, n=18 each). Mice were anaesthetized with chloralhydrate (400mg/kg), after 24 hour of the surgery, the animals were killed by cervical dislocation, and brains were rapidly isolated and homogenized in saline, sham animals were subjected to same conditions without TBI. Traumatic brain injury group exhibited significant increment in lactate dehydrogenase (LDH), malondialdehyde (MDA) and prostaglandin E2 (PGE-2) contents as compared to sham group. Also, TBI group showed decrease in total
INTRODUCTION
Traumatic brain injury (TBI) is one of the major healthcare concerns, constituting a major cause of death and disability throughout the world. Among the factors leading to TBI outcome are biochemical cascades which occur in response to primary and secondary injury. Where the primary injury which represents the direct mechanical damage, can not be therapeutically influenced, target of the treatment is the limitation of the secondary damage (delayed non-mechanical damage) (Werner and Engelhard, 2007a). These mechanisms or injuries generate oxidative stress, an imbalance between oxidant and antioxidant agents that can result in neural dysfunction and death (Rodriguez-Rodriguez et al., 2014). The mammalian brain is vulnerable to oxidative stress and so the reactive oxygen species (ROS) production because of high oxygen consumption needed for maintaining neuronal ion homeostasis during the propagation of action potentials. Interruption of mitochondrial function involves oxidative stress which leads to impaired energy production that leads to brain damage (Reiter, 1995) . TBI is primarily and secondarily associated with a massive release of excitatory amino acid neurotransmitters, particularly glutamate (Bullock et al., 1998). 
MATERIALS AND METHODS

Animals:
Adult male albino mice with a body weight of 35-40 gm were used. Mice were obtained from the Nile Co. for Pharmaceutical and Chemical industries, Egypt. The animals were kept on a standard diet and water and palliated. The standard diet pellets (El-Nasr Co., Abu Zaabal, Egypt) contained not less than 20% protein, 5% fibers, 3.5% fats, 6.5% ash and vitamins mixture. Animals were acclimatized for at least one week before commencement of experiments.
Experimental protocol
Thirty six albino mice were divided into two groups (18 per group) as follow:
sham-operated group and TBI-operated group. The animal experiments described comply with the ethical principles and guidelines for the care and use of laboratory animals and the animal experimental protocol was approved by the Al-Azhar University Ethical Committee.
Induction of traumatic brain injury
TBI was performed according to the study of Albert-Weißenberger et al. (2012) with some modifications. Mice were anaesthetized with chloralhydrate (400mg/kg, IP).
A midline longitudinal scalp incision was made and the skull was exposed. After identification of the right anterior frontal area (1.5mm lateral to the midline in the midcoronal plane) as impact area, a mouse was placed onto the platform directly under the weight drop device the weight was released and dropped with a final impact of 0.01 J onto the skull.
Mice were returned to cages immediately at the end of the surgical procedures where access to water and food is freely available. After 24 hour of the surgery, the animals were killed by cervical dislocation. Brains were rapidly isolated and washed with ice cold saline. The brains were homogenized in saline. Two brains per each group were fixed in 10% formalin for histological examination. Sham-operated animals were subjected to the same conditions without traumatic brain injury.
Assessment of brain blood velocity
Brain blood velocity was determined by using Doppler flowmetry (Bidop Esloov3, Hadeco, Kuwasaki, Japan). Cerebral perfusion of the mouse was monitored after the first hour after TBI. After a scalp incision, the probe was placed on the right 2mm lateral and 3mm posterior to the pregma. Perfusion was measured for 1 min for each mouse and the values were recorded (Pan et al., 2003) then the scalp wound was closed by slandered suture material (3-0 ethilon) and the wound area was treated with lidocaine cream.
Biochemical analysis
Several parameters were measured using suitable immunoassay ELISA kits as follows: lactate dehydrogenase (LDH) (Eiab,wuhan,china), malondialdehyde (MDA) (cell biolabs Inc., San Diego, California, USA), total antioxidant capacity (TAC) (cell biolabs Inc., San Diego, California, USA) and prostaglandin E2 (PGE-2) (CUSABIO Biotech Co., Wuhan, China).
Histological assessment
Two brains were taken from each group and fixed in 10% formaldehyde for 24hr. Washing was done in tap water then serial dilutions of alcohol were used for dehydration. Specimens were cleared in xylene and embedded in paraffin at 56˚C in hot air oven for 24hr. Paraffin bees wax tissue blocks were prepared for sectioning at 4 microns thickness by microtome. The obtained tissue sections were collected on glass slides, deparafinized, stained by hematoxylin & eosin stain for routine examination using light electric microscope (Banchroft et al., 1996) .
Statistical analysis
Differences between obtained values (means ±SEM, n =16) were carried out by one way analysis of variance (ANOVA) followed by the Tukey's test for multiple comparison. A value of p of 0.001 or less was taken as a criterion for a statistically significant difference. The data were analyzed with Graph Pad Prism software version5.
RESULTS
Effect of traumatic brain injury on malondialdhyde (MDA) and total antioxidant capacity (TAC) in mice
Animals exposed to TBI showed a significant elevation in MDA as compared to sham group (52.38±0.79 vs. 32.38± 0.79). Results showed a severe alteration in TAC activity in the group of animals that underwent TBI, TBI group showed a significant decrease in TAC by 29.3% as compared to sham group (Table 1) . 
3-Effect of traumatic brain injury on systolic blood flow (SBF) in mice:
TBI group showed a marked decrease in systole (3.02 ± 0.19) as compared to sham group (6.33 ± 0.63) ( Table 3) . Table ( 
DISCUSSION
The ROS production after trauma is believed to be due to multiple events such as increased intracellular ca⁺2, excitotoxicity, phospholipids degradation and mitochondrial dysfunction causing an overload of endogenous free radical scavenging systems and then their depletion in the injured tissue (Atlante et al., 2001; Bayir et al., 2002) . If lipid peroxidation not stopped it will progress over the surface of the cell membrane causing damage to phospholipids dependent enzymes, disruption of ionic gradients and even blood brain barrier lysis (LeBel and Bondy, 1991) for that reasons ROS inhibition and decreasing oxidative stress have been proposed as possible treatment for TBI as curcumin that was able to counteract the outcome of traumatic brain injury on oxidative stress, synaptic plasticity (Wu et al., 2006) . The degree of lipid peroxidation can be assessed by measurement of MDA content as oxidative stress generates ROS that attack the membrane lipids resulting in the formation of MDA (Srinivasan and Pugalendi, 2000) . Concentration of MDA, constituting the final product of arachidonic acid cascade, represents the exponent of lipid peroxidation dynamics and of cell membrane injury. The significant severity of cell membrane destruction in the brain is detected by MDA measurements in the cerebrospinal fluid, has been noted in cases with multiple and chronic intracerebral hematomas. As a result to the TBI related ROS and free radicals (FRs) formation, lipid peroxidation level was significantly increased in brain tissue in the present study, a finding that was documented in previous works ( 
B A
Antioxidants inhibit lipid peroxidation by preventing the peroxidative chain reaction and picking up the reactive-oxygen derivatives (Kalayci et al., 2011), but overproduction of ROS may deplete endogenous antioxidants. The formation or distribution of free oxygen radicals should be decreased to enable the fixing of poor neurological outcomes and to prevent neuronal damage secondary to ischemia after trauma (Ates et al., 2007) . It is assumed that the antioxidant defense system cannot completely neutralize the free oxygen radicals occurring in ischemic tissues (Halliwell, 1992). Agents inhibiting free oxygen radicals have also been reported to improve poor neurological outcomes in the central nervous system after trauma or ischemia by their therapeutic effects (Leibovitz and Siegel, 1980; Ates et al., 2007) .
Lactate dehydrogenase is a cytoplasmic enzyme present in brain, is released into the blood when the brain is injured, and the rise of its serum level indicates the degree of brain damage (Rao et al., 1978) . It was concluded that measurement of serum LDH can be used effectively in the management of head injury by indicating the extent and type of brain damage at an early stage and in assessing the prognosis (Thomas and Rowan, 1976). The current study showed that TBI by weight drop model is cytotoxic on brain and that was clear from the results of LDH in comparison with sham group.
Trauma to the brain can activate several inflammatory pathways that involves the release of arachidonic acid from cellular phospholipids by cytosolic phospholipase A2 (PLA2) , and its subsequent cyclooxygenation to form prostaglandin E2 (PGE2) . In our study we used Doppler one hour after trauma to determine changes in cerebral blood flow by means of systolic blood flow, we observed great reduction in SBF in TBI group in comparison with sham one, and that in agreement with animal studies that have shown mild TBI to elicit a significant decrease in regional CBF 1 h after mild brain injury (Golding et al., 1999) .
